Introduction
Conducting polymers are nowadays considered to be more important in the development several applications involved polymer devices [1] . Among the many polymers, the polyvinylpyrrolidone (PVP) has good film-forming and adhesive behavior on many solid substrates and its formed films exhibit good optical quality (high transmission in visible range), and mechanical strength (easy processing) required for applications. The amorphous structure of PVP also provides a low scattering loss, which makes it as an ideal polymer for composite materials for different applications. PVP is easily soluble in water, so it is preferred to avoid phase separation in the reactions [2] [3] [4] . In literature, alkali ions containing polymers are reported to be more promising possessing potential applications [5, 6] . PVP polymers have been found to be different in their functionalities from other polymeric systems, such as the PEO, PPO, PVDF, PANI, etc [7] . Like the Li + ion, Ag + ion has also drawn more attention because of its possessing potential uses in electronics, optical filters, conducting adhesives, and in the development of catalysts [8] [9] [10] [11] . Keeping in view, the significant importance demonstrated by dopant Li + or Ag + ions in polymer films, in the present work, we have undertaken a couple of polymer films of Li + : PVP and Ag + : PVP alongside the host PVP polymer films, in order to understand their structural, optical and dielectric properties.
Experimental Studies
PVP (PolyVinylPyrrolidone) (C 6 H 9 ON) n , chemical with a molecular weight [MW] of 1,300,000) and also two other salts of LiNO 3 and AgNO 3 salts were purchased from M/S Sigma-Aldrich Company, Hyderabad.
PVP was dissolved in a small beaker of 50 cc containing double distilled water and it was then thoroughly mixed by using a magnetic stirrer in a warmer condition for homogeneous mixing. Later, this solution was cast into polymer films in flat based Petri dishes under a slow evaporation method. Thus clearer and highly transparent host PVP film was successfully obtained. Lithium Nitrate (LiNO 3 ) and Silver Nitrate (AgNO 3 ) salts were separately dissolved in beakers containing double distilled water, PVP was mixed in double distilled water in another beaker. In 1:9 ratio; i.e., solutions in 1 part of LiNO 3 or AgNO 3 , 9 parts of PVP solutions were thoroughly mixed using a magnetic stirrer. All the polymer films were found to be 6 cm in diameter and from such big sized films; required sizes of films were appropriately cut for carrying out the measurements. Figure 1(a) shows the Borosilicate containers with the solutions of the 1). Host PVP, 2). Li + : PVP and 3). Ag + : PVP and in Figure 1(b) , those solutions in polymer films are shown. Silver particles exhibit yellowish brown color in aqueous solution due to excitation of surface plasmon vibrations in silver particles [12, 13] . The absorption spectra of the host PVP, Li . The morphologies of the polymer films were examined on a ZEISS EVO MA15 Scanning Electron Microscope (SEM). The samples were gold coated using a sputter coater polaron SC 7610 system. The elemental analysis of these synthesized polymer films were carried out on an EDAX (INCA pentaFETx3) that is an attachment to the SEM system. Thermo gravimetric (TG) and Differential thermal analysis (DTA) simultaneous profiles were obtained for the as synthesized sample in N 2 atmosphere at a heating rate of 10˚C/min on Netzsch STA 409 Simultaneous Thermal Analyzer. The impedance measurements were carried out on computer controlled Phase Sensitive Multimeter (PSM 1140) in the frequency and temperature ranges of 1 Hz -1 MHz and 303 -373 K respectively. : PVP polymer films. This is in good agreement with the size distribution measurement of pure-PVP and Li + PVP aggregates [14] . PVP is a hydrophobic polymer which has an affinity towards the Ag + ion silver in the formation of covalent bond between pyridyl groups and silver ion. In Figure 2 (c), there are two absorption bands at 297 nm and another at 437 nm and the band at 297 nm has been labeled to the NO 3 ligand of the Ag cation and the other one at 437 nm is attributed to the surface plasma resonance phenomena of free electrons in the conduction bands of Ag particles and absorption profiles are in accordance with the reports already made in literature for Ag + doped in other types materials [15, 16] .
Results and Discussion

Absorption Spectra Analysis
XRD Analysis
The XRD patterns of the host PVP, Li The XRD pattern (Figure 3(a) ) of PVP has revealed a couple of broad bands located at 2θ = 11˚ and 22˚ respectively those could clearly indicate the amorphous nature of the host PVP [17] . However, the Li Figures 4(a), (b) & (c) , 1260 cm -1 and 1427 cm -1 are attributed to C-C stretching vibration, C-N stretching vibration and C-H bending vibration of host PVP respectively. Based on its absorption spectra, it is noticed that the AgNO 3 in the matrix studied becomes reduced and thus the absorption band is assigned to NO 3 , as shown in curve (c), which disappears, and the C=O peak 1698 cm −1 appears due to a littler broadening [19, 20] . The peaks at 739 cm Figures 5 (a), (b) & (c) . The surface deposited polymer films are clearly seen at high magnification in the micrographs. Figure 5(a) shows the smooth surface morphology is closely related to the amorphous nature. Figure 5(b) shows an irregular particle appearance owing to the polymer film formation. The smooth morphology is closely related to the amorphous nature of the polymer electrolyte films. Figure 5(c) shows the SEM micrographs of the silver particles are spherical shaped, well distributed without aggregation in solution with an average size of about 3 μm. Both the polymer films of EDS spectrum denotes a signal observed from the silver ions [22] . To verify the chemicals in the material, an EDAX profile has also been recorded as shown in Figures 5(d) , (e) & (f). However, the EDAX of the matrix to confirm the presence of C, O and Ag ions in the prepared films [23] . : PVP precursor with a heating rate of 10°C/min in the temperature range from 40˚C to 600˚C. It is clear that the initial weight loss from the TG curve is 12% from the temperature of 40˚C to103˚C, due to the elimination of water, carbon dioxide and nitrogen dioxide. In the DTA curve, two exothermic peaks are observed at 433˚C (sharp) and 570˚C (strong), respectively demonstrating the combustion of organic residuals in the matrix studied these strong exothermic peak at 433˚C in the DTA curve corresponds to the decomposition temperature of PVP is well above the heating temperature employed in the present work. No weight loss is observed above 550˚C, which indicates the completion of the decomposition process of PVP at this temperature. Correspondingly the weight loss in TG line is 18% between the temperatures from 470˚C to 600˚C [24] .
FTIR Analysis
TG-DTA Analysis
DTA curves in Figures 6(b) show five exothermic peaks at 78˚C, 111˚C, 380˚C, 431˚C and 527˚C, respectively and three endothermic peaks at 90˚C, 397˚C & 484˚C, respectively. Figures 6(b) shows the sharp and strong exothermic peaks at 380˚C -527˚C confirming the combustion of organic residuals. A strong exothermic peak at 380˚C, 431˚C in the DTA curve corresponds to the decomposition temperature of PVP is well above the heating temperature employed in the present work. tion of silver particles and this strong exothermic peaks at 430˚C and 531˚C in the DTA curve corresponds to the decomposition temperature of PVP is well above the heating temperature employed in the present work respectively [25] . This shows that the thermal stability of the polymer is improved due to the presence of Ag as filler. Figures 7(a), (b) and (c) show the dielectric constant of the host PVP, Li increase in frequency. This can be understood on the basis that the mechanism of polarization [26] . Figures 8(a), (b) & (c) show the dielectric loss tangent PVP polymer films at different temperatures as a function of frequencies by an Impedance Analyzer. This is a normal dielectric behavior of dielectric loss decreasing with an increase in frequency and it is understood on the basis of the mechanism of polarization [27] .
Dielectric Constant Analysis
Dielectric Loss Analysis
Cole-Cole Plots
The typical impedance plots (Z′ vs. Z″) for the host PVP, Li + : PVP and Ag + : PVP polymer films at different temperatures are shown in Figures 9(a), (b) & (c) showing a high frequency semicircle and a low frequency spikes for Li + : PVP and Ag + : PVP polymer films doped polymer films. The plot consists of a low frequency spike, which is due to the effect of the blocking electrodes. The semicircles can be represented by a parallel combination of a capacitor, which are due to the immobile polymer chains and resistance, due to the mobile ions inside the polymer matrix. The bulk resistances for Li + : PVP and Ag + : PVP polymer films have been calculated from the low frequency spikes intercept of the spikes on the real axis [28] . The bulk resistance R b decreases with an increase at different temperatures. Conductivity of the solid polymer electrolyte has been calculated from the measured bulk resistance. From Figures 9(a), (b) & (c) , it is observed that the conductivity values of the completed systems do not show any abrupt jump with the temperature change, indicating that these polymer films exhibit a completely amorphous structure [29] . The increase in conductivity with temperature may be due to decrease in viscosity and hence increases the chain flexibility [30] . The increment of temperature causes the increase in conductivity due to the increased free volume and their respective ionic and segmental mobility.
The activation energies were calculated from logσ Vs 1000/T (Figures 10(a), (b) & (c) ) plots using the following Arrhenious equation. 
Conclusions
In summary, it could be concluded that transparent PVP, Li S/cm) and Ag + : PVP (1.03 × 10 -3 S/cm) polymer films were calculated from bulk resistance, which varies with temperature. On comparison of results it is noticed that Li + : PVP polymer film has shown an enhancement in conductivity besides its mechanical strength and therefore Li + : PVP electrolytes could be found to be more suitable for their potential applications in the progress of battery materials and ionic devices.
